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Abstract 

Gaseous  discharges  contain  ions  in  a  number  of  charge  states.  Collisions 

between  these  ions  and  atoms  in  the  discharge  result  in  the  production  of  excited 

ions  and  atoms  as  well  as  free  electrons.  Single  electron  capture  collisions 

involving  doubly  charged  ions  with  atoms  are  particularly  important  in  determining 

the  behavior  of  the  discharge  since  they  result  in  two  ions  with  one  generally 

in  an  excited  state.  Such  collisions  are  not  well  understood.  In  this  context 

2+ 

we  have  studied  electron  capture  in  Ar  +  Ar  because  of  the  importance  of  argon 
as  a  discharge  gas  and  because  there  were  substantial  difficulties  in  under¬ 
standing  single  electron  capture  processes  in  the  collision. 

Prior  to  this  work,  and  as  late  as  July  1982,  published  results  on  single 

2+  +  2  +2 
electron  capture  in  Ar  +  Ar  identified  the  dominant  channels  as  Ar  (  P)+Ar  (  P) 

and  Ar+(^P)+Ar+(3s3pk) .  Capture  to  Ar+(3s3p^)  was  particularly  difficult  to 
understand  and  raised  fundamental  questions  about  the  underlying  theory.  We  have 
shown  however  that  the  final  states  are  of  the  type  Ar  (  P)+Ar^(3s  3pqn£)  with  n*. 
being  predominantly  3d  and  4p  at  low  keV  energies.  Our  laboratory  has  measured 
the  cross  sections  for  the  important  final  channels  in  the  single  electron 
capture  collisions  as  well  as  for  the  direct  scattering  and  for  the  double  elec¬ 
tron  capture  cases.  It  is  particularly  interesting  that  the  direct  scattering 

does  not  occur  with  Ar  target  excitation  as  was  found  in  Ar  +  Ar.  We  have  also 

2+ 

shown  that  long  lived  highly  excited  states  of  Ar  make  important  contributions 
to  the  charge  exchange.  We  interpret  our  results  and  propose  a  simple  model  of 


the  collision. 
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Introduction 

There  is  currently  a  substantial  effort  being  devoted  to  studying  charge- 
exchange  in  ion-atom  collisions.  This  is  due  in  large  part  to  the  importance  of 
charge-exchange  collisions  in  gaseous  discharges  and  to  the  challenges  presented 
to  the  theory  by  the  electron  rearrangement.  Exchange  processes  involving  singly 
charged  ions  and  atoms  have  been  investigated  in  detail  both  experimentally  and 
theoretically  for  a  number  of  years  and  are  now  reasonably  well  understood. 
Electron  capture  processes  involving  doubly  (and  multiply)  charged  ions  are  not 
yet  well  understood . 

A  single  electron  capture  collision  between  a  doubly  charged  ion  and  an  atom 

yields  two  ions  with  one  generally  in  an  excited  state.  Single  electron  capture 
24- 

in  Ar  +  Ar  is  of  particular  interest  at  this  time  since  it  has  been  studied 

for  a  number  of  years  and  there  are  still  substantial  difficulties  in  understand- 

2+ 

ing  the  collision.  Electron  capture  in  Ar  +  Ar  is  discussed  in  References  1-7 

where  citations  to  the  earlier  literature  are  given.  Two  recent  studies  of  this 
2  3 

collision  *  conclude  that  the  dominant  single  electron  capture  processes  result 

in  Ar+(^P)  +  Ar+(3s3p^)  and  Ar+(^P)  +  Ar+(^P)  final  states.  The  Ar+(^P)  +  Ar+ 

(3s3p^)  channel  (ground  state  +  first  excited  state)  is  particularly  difficult 

to  justify^  since  it  is  excited  via  a  two  electron  process.  These  recently 

2 

reported  experimental  studies  were  made  at  energies  in  the  range  554  to  1446  eV 
3  8 

and  at  540  eV.  We  report  results  at  somewhat  higher  energies  and  conclude 

24*  3  4*  2 

that  the  dominant  small  angle  processes  are  of  the  type  Ar  (  P)  +  Ar  -+■  Ar  (  P)  -» 
+  24 

Ar  (3s  3p  nl)  with  nl  primarily  being  3d  and  4p. 

2+ 

It  is  useful  to  understand  the  single  electron  capture  processes  in  Ar  + 

Ar  since  the  basic  problems  in  the  Argon  Case  are  characteristic  of  those 
associated  with  collisions  involving  multiply  charged  ions  with  atoms.  In  the 
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general  collision  of  this  type  there  are  various  final  charge  and  excited  state 
configurations  that  lie  close  in  energy.  Before  such  collisions  can  be  well 
understood  it  is  essential  to  resolve  questions  involving  the  relative  importance 
of  the  two  vs.  one  electron  process  in  single  electron  capture,  the  applicability 
of  spin  conservation,  the  relative  important  of  exothermic  channels,  and  the  role 
of  excited  projectile  states. 

23- 

Single  electron  capture  in  Ar  +  Ar  is  studied  at  low  keV  energies  and  for 

scattering  angles  out  to  one  degree  to  address  the  above  problems.  We  justify 

the  assignment  of  Ar+(^P)  +  Ar+(3s^3p^nl)  as  the  important  final  states  and 

present  differential  cross-sections  fot  the  dominant  processes.  Our  studies 

show  contributions  to  the  scattering  from  highly  excited  and  long  lived  final 

1  9 

states  in  the  beam  as  expected.  ’  In  addition  we  present  results  for  the  direct 

scattering  and  for  the  double  electron  capture  collisions.  We  find  that  the 

2+ 

direct  Ar  +  Ar  collision  shows  no  Ar  excitation  in  the  t=E0  (reduced  scattering 
angle=beam  energy  x  scattering  angle)  range  studied.  This  is  particularly  inter¬ 
esting  since  the  Ar  +  Ar  collision  resulted  in  excitation  of  Ar(4s  and  4p)  in 
1° 

the  same  x  range. 
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Experimental  Technique 

11-14 

The  basic  experimental  techniques  have  been  discussed  in  earlier  papers 

2+ 

and  are  only  briefly  summarized  here.  A  mass  analyzed  and  well  collimated  Ar 

beam  is  directed  into  a  scattering  cell  containing  the  Ar  target  gas.  The  beam 

scatters  under  single  collision  conditions  into  a  detector  chamber  which  rotates 

about  a  point  in  the  scattering  cell.  The  scattered  ions  are  then  energy  analyzed 

using  a  parallel  plate  electrostatic  energy  analyzer.  The  neutral  component, 

resulting  from  double  electron  capture  collisions,  passes  through  the  analyzer 

to  a  detector  positioned  beyond  it. 

2+  +  + 

In  Ar  +  Ar  -*■  Ar  +  Ar  the  final  states  are  identified  using  AE,  the 

measured  kinetic  energy  loss  or  gain  of  the  scattered  Ar+.  Since  the  Ar+  energy 

spectra  have  no  reference  peal  from  which  the  AE  can  be  determined,  it  is  neces- 

2+  + 

sary  to  measure  both  the  incident  Ar  and  scattered  Ar  beam  energies  and  use  the 

known  electrostatic  energy  analyzer  constant  to  find  AE.  This  requires  the 

analyzer  voltage  to  be  Increased  by  about  a  factor  of  2  in  switching  between  the 
2+  + 

incident  Ar  and  the  scattered  Ar  beams.  In  addition  to  this  problem,  contact 

potentials  in  the  electrostatic  energy  analyzer  circuit  lead  to  uncertainties  in 

assigning  the  energy  at  the  peaks  of  the  Ar+  spectra.  Because  of  the  change  in 

charge  state,  the  presence  of  contact  potentials  in  the  scattering  cell  as  well 

can  result  in  additional  errors  of  about  one  eV  in  the  measured  AE  values.  In 

2+  41  + 

the  present  work  the  above  problems  are  resolved  by  using  Ar  +  He  Ar  +  He 

collisions  as  an  energy  reference.  In  this  case  the  possible  final  states  are 

15  2+ 

far  apart  in  AE.  Figure  1  shows  composite  spectra  (peaks  A  and  B)  for  Ar  + 

Ar  -*  Ar+  +  Ar+  at  an  energy  E  =  2.9  keV  and  laboratory  scattering  angle  0  =0.15 

2+  +  +. 

deg,  and  a  reference  (peak  R)  from  Ar  +  He  -*■  Ar  +  He  at  E  =  2.9  keV,  6=0 


AE(eV) 


Figure  1.  Composite  spectra  showing  E  *2.9  keV  Ar+  +  Ar  -*■  Ar  +  Ar  (A  and  B) 
at  0.15  deg .  and  Ar+  +  He  ■+  Ar+  +  He+  (R)  at  0  deg.  Peak  R  serves  as 
an  energy  reference  and  corresponds  to  Ar2+(3p)  +  He  -*■  Ar+(2P)  +  He+ 
(2S):  Q  =  3  eV.  Peak  B  at  this  angle  has  it9  maximum  at  Q  *  -6.4  eV 
and  is  attributed  to  Ar^(^P)  +  Ar+(3s23p^3d) .  At  all  angles  this  peak 
is  due  to  final  Ar+(2p)  +  Ar+(3  s23p^nl)  states.  Peak  A  has  a  Q  «  5.6  eV 
and  moves  toward  the  right,  corresponding  to  larger  positive  Q  values, 
with  increasing  scattering  angle. 
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2+3  +2  +2 

deg.  The  reference  peak  is  assigned  to  Ar  (  P)  +  He  -*■  Ar  (  P)  +  He  (  S)  with 
AE  =  3  eV  (agreeing  to  within  one  eV  with  the  value  computed  using  the  known 
analyzer  constant).  The  reference  peak  is  obtained  at  0  deg  to  avoid  having  to 
make  a  correction  for  the  kinematically  required  energy  loss  at  non-zero  scatter¬ 
ing  angles.  Using  peak  R  as  a  reference,  peak  B  in  Figure  1  has  a  Q  value  (the 

o  13 

endothermic  or  exothermic  energy  =  AE-EtT  at  small  angles  )  at  the  peak  maximum 

of  -6.4  ±  0.25  eV.  At  the  scattering  angle  shown  in  Figure  1  this  energy  loss 
2+  3  +2  +24 

corresponds  to  Ar  (  P)  +  Ar  -*•  Ar  (  P)  +  Ar  (3s  3p  3d).  At  larger  angles  peak 

B  shows  structure  attributed  to  the  presence  of  a  second  state  (Q  =  -7.4  ±  0.25  eV) 

and  to  weaker  contributions  from  higher  excited  states.  Peak  A  in  Figure  1  is 

due  to  an  exothermic  process  with  Q  z  +5.6  eV  at  this  scattering  angle  (Q  at  the 

maximum  of  the  spectrum  is  found  to  depend  on  6 ) . 

Figure  2  is  an  energy  spectrum  of  Ar+  at  E  =  2.9  keV,  e  =  1  deg.  for  AE  in  a 

2+  3 

range  to  +28  eV.  The  figure  shows  structure  at  energies  corresponding  to  Ar  (  P 
1  +2  +2 

and  D)  +  Ar  -*■  Ar  (  P)  +  Ar  (  P)  but  stronger  contributions  from  other  states  are 

2+ 

clearly  present.  Highly  excited  states  of  Ar  are  responsible  for  the  additional 

+  2  +2 

features  in  the  spectrum.  Electron  capture  to  ground  state  Ar  (  P)  +  Ar  (  P)  from 

Ar^+(^P),  ("4)),  and  (^S)  would  result  in  Q  values  of  +11.8,  +13.6,  and  +16  eV 

^  2  ^  6  2 

respectively  (all  exothermic).  Capture  to  Ar  (  P)  +  Ar  (3s3p  ,  S)  (the  lowest 

lying  excited  configuration)  from  these  initial  states  would  give  rise  to  Q  values 

of  -1.6,  +0.1,  and  +2.5  eV  respectively.  The  measured  Q  of  +5.6  eV  in  Figure  1 

2+ 

cannot  be  explained  by  an  Ar  beam  in  any  of  the  three  generally  expected  states. 
We  attribute  peak  A  at  this  angle  to  highly  excited  states  such  as  Ar^+(^P°)  and 
(^D°)  lying  about  18  eV  above  the  ground  state^  and  which  are  expected  to  be 


long  lived. 


rr 
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Experimental  Results  and  Interpretations 
2+ 

The  single  electron  capture  in  Ar  4-  Ar  is  found  to  involve  both  endothermic 

2 

processes  (B)  and  weaker  exothermic  processes  (A).  Figure  3  shows  p  *  0  o(0)  (the 

2 

reduced  cross  section  *0  x  the  differential  cross  section)  at  energies  of  2.4, 

2.9,  and  3.5  keV  for  peak  B  corresponding  to  Ar2+(^P)  +  Ar  -*■  Ar+(2P)  4-  Ar+(3s23p^nl) 

Measurements  made  at  other  energies  in  the  range  shown  are  found  to  be  in  agreement 

with  the  results  in  Figure  3  but  are  not  plotted.  For  the  t  range  studied  the 

dominant  processes  in  B  correspond  to  those  with  |q|  ^6.4  eV  and  are  consistent 
4-2  4-2  4 

only  with  final  Ar  (  P)  4-  Ar  (3s  3p  nl)  states.  The  behavior  of  the  p  vs.  t  plot 

14 

suggests  that  the  electron  capture  occurs  via  curve  crossing  mechanisms. 

A  detailed  study  of  peak  B  is  made  at  E  -  2.4  keV.  At  small  angles  the  single 

electron  capture  channels  primarily  result  in  two  final  state  configurations  (the 

spectra  do  however  show  evidence  of  small  contributions  from  additional  states) . 

The  following  assumptions  are  made  in  identifying  the  final  states:  (1)  The  col- 

24- 

lision  involves  the  capture  of  a  single  electron  from  the  Ar  by  the  Ar  which 
provides  an  unchanged  core  for  the  final  Ar+  state.  (2)  The  Wigner  spin  rule 
applies.^  Using  the  known  ionization  potentials  and  energy  levels^  the  dominant 
single  electron  capture  processes  for  the  measured  Q  values  of  -6.4  and  -7.4  ±  0.25 
eV  are  consistent  with  Ar2+(^P)  4-  Ar  -*■  Ar+(2P)  4-  Ar+(3s23p^3d)  and  Ar+(2P)  4- 

•  n  A 

Ar  (3s  3p  4p) .  Figure  4  shows  p  vs.  t  plots  for  the  two  dominant  final  channels. 

The  similar  envelope  of  these  curves  suggests  that  the  two  final  channels  are 

excited  by  a  common  primary  interaction.  The  structure  of  the  curves  shows 

phase  differences  possibly  due  to  branching  at  larger  internuclear  separation. 

2-f  24- 

The  direct  scattering,  Ar  4-  Ar  -*■  Ar  4-  Ar,  does  not  result  in  Ar  excita¬ 
tion  in  the  x  range  studied.  This  is  unlike  the  case  in  Ar+  4-  Ar  where  target 


excitation  to  4s  and  4p  was  found  in  this  x  range.  The  reduced  cross  section 
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Figure  3.  The  reduced  cross  section  f or  Ar  (  P)  +  Ar  ■*  Ar  (  P)  +  Ar  (3s  3p  nl) 
at  energies  of  2.4,  2.9,  and  3.5  keV.  These  are  found  to  be  the 
important  single  electron  capture  processes  in  the  t  range  studied. 
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Figure  A.  The  reduced  cross  sections  at  E  *  2.4  keV  for  the  dominant  processes 
in  the  single  electron  capture  collisions.  The  endothermic  processes 
primarily  are  due  to  •  Ar^+(^P)  +  Ar  -*■  Ar+  +  Ar+(3f,^3p  3d)  and  O 
Ar^+(3p)  +  Ar  -*■  Ar+  +  Ar+  (3s^3p^ 4p)  in  the  t  ranee  shown. 
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for  the  direct  scattering  is  shown  in  Figure  5  at  energies  of  2.4  and  3.4  keV. 

The  p  vs.  0  plots  show  approximately  similar  structure  including  maxima  at 
common  0  values  of  0.1,  0.4,  0.55,  and  0.75  deg.  This  behavior  is  expected 
when  resonant  charge  exchange  channels  are  available. ^  Figure  6  shows  the 
cross  sections  for  the  direct  scattering  and  for  the  double  electron  capture 
collisions.  The  phase  differences  between  the  two  cross  sections  are  clearly 
seen  showing  that  the  major  losses  from  the  direct  scattering  (in  this  0  range) 
are  due  to  double  electron  capture  collisions. 

The  behavior  of  the  exothermic  collisions  is  seen  by  comparing  Figures  1 
and  2,  At  0  =  0.15  deg  the  maximum  is  at  a  Q  =  5.6  eV  and  at  6  =  1  deg  it  is 
near  10  eV.  The  region  of  maximum  intensity  is  displaced  to  larger  Q  with  increas¬ 
ing  9.  Figure  7  shows  p  vs.  x  plots  for  three  processes  corresponding  to  Q  values 

of  (a)  +5,6  eV,  (b)  +10.4  eV,  and  (c)  +11.6  eV.  Within  experimental  error  (c)  is 
2+  3  +2  +2 

attributed  to  Ar  (  P)  +  Ar  ->  Ar  (  P)  +  Ar  (  P) .  Processes  a  and  b  require  the 

2+ 

presence  of  highly  excited  Ar  states.  The  exothermic  processes  in  this  study 
are  weaker  than  the  endothermic  ones  (at  E  =  2.9  keV,  6=1  deg  they  differ  by 
an  order  of  magnitude). 

^  2  2  ^ 

Electron  capture  resulting  in  Ar  (  P)  +  Ar  (3s  3p  nl)  configurations  in  small 
2+ 

angle  Ar  +  Ar  collisions  is  not  easily  explained.  In  this  collision  the  inci¬ 
dent  channel  is  weakly  attractive,  and  the  final  channels  are  repulsive  at  large 
internuclear  separation.  Since  the  process  is  endothermic  the  incident  and  final 
potential  energy  curves  do  not  cross  (at  large  internuclear  separation).  As  a 
starting  point  in  our  understanding  of  the  collision  we  propose  a  simple  model 

where  the  final  states  can  be  populated  via  couplings  with  a  strongly  attractive 

2+  * 

intermediate  state,  such  as  one  associated  with  Ar  +  Ar  ,  which  crosses  the 


incident  and  final  channels.  Figure  8  shows  several  potential  energy  curves  for 
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E  =  3.4  keV 


E  =  2.4  keV 


SCATTERING  ANGLE ( deg ) 


Figure  5.  The  reduced  cross  sections  as  a  function  of  scattering  angle  for  the 

direct  scattering,  Ar2+  +  Ar  -*■  Ar^4,  +  Ar,  at  energies  at  2.4  and  3.4  keV. 
No  target  excitation  is  seen  in  the  angular  range  studied  and  the 
structure  at  these  angles  is  due  to  losses  to  the  electron  capture 
channels . 


Figure  6.  The  reduced  cross  sections  for  the  direct  scattering  and  double  electron 
capture  collisions  at  E  *  2.4  keV.  The  cross  sections  are  seen  to  be 
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Figure  7.  The  reduced  cross  sections  for  the  important  processes  contributing  to 
the  exothermic  single  electron  capture  channels.  The  peaks  labelled 
a,  b,  and  c  correspond  to  processes  having  Q  values  of  about  5.6,  10.4, 
and  11.6  eV  respectively.  Within  experimental  error  (c)  corresponds  to 
Ar2+(3p)  +  Ar  -*•  Ar+(2P)  +  Ar+(2P).  Processes  a  and  b  are  due  to  highly 
excited  states  in  the  incident  Ar2+  beam. 
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the  Ar^+  +  Ar  and  Ar+  +  Ar+  systems.  The  curves  for  Ar^+  +  Ar  are  plotted  using 

2  4 

a  potential  energy  V(r)  =  -2ae  /r  where  a  is  the  polarizability  of  Ar  (1.64  x 
—24  3  18 

10  cm  ),  e  is  the  electronic  charge,  and  r  is  the  internuclear  separation. 

2+  3  *  *  -24  3  19 

The  curve  for  Ar  (  P)  +  Ar  is  plotted  for  Ar  (4s)  with  a  =  48  x  10  cm  and 

2+  3 

is  displaced  at  infinite  separation  by  11.5  eV  above  the  Ar  (  P)  +  Ar.  Curves 

corresponding  to  several  Ar+  4-  Ar+  states  are  plotted  using  a  Coulomb  potential. 

+  +24 

Within  the  proposed  simple  model,  excitation  of  Ar  +  Ar  (3s  3p  nl)  involves  a 

2+  3 

two  step  process:  (1)  An  initial  crossing  between  the  incident  Ar  (  P)  +  Ar 

2+3  * 

potential  energy  curve  and  one  corresponding  to  a  state  such  as  Ar  (  P)  +  Ar 

and  (2)  A  transition  (occuring  near  r  =  4.5  X)  from  this  intermediate  state  to 
+  +24 

Ar  +  Ar  (3s  3p  nl) .  The  behavior  of  the  reduced  cross  section  for  peak  B 

(Figure  4)  is  consistent  with  excitation  of  final  states  following  a  single 

primary  interaction.  In  addition  the  peaking  of  p  at  small  angles  is  expected 

14  2+ 

from  a  potential  that  has  both  attractive  and  repulsive  sections.  The  Ar  + 

*  ++24 

Ar  is  depopulated  by  crossings  with  the  Ar  +  Ar  (3s  3p  nl)  states,  and  the 

direct  inelastic  scattering  should  be  weak  (as  found).  Although  the  intermediate 

state  also  crosses  Ar+  +  Ar+(3s3p^),  this  channel  should  only  be  weakly  excited 

since  it  involves  a  two  electron  transition  at  the  crossing. 

The  Q  values  found  for  peak  A  are  not  consistent  with  its  excitation  from 
3  11  2+ 

only  the  P,  D,  and  S  components  of  an  Ar  beam.  The  peak  can  be  explained 

by  referring  to  Figure  8.  One  incident  state  contributing  to  the  peak  is  assumed 

2+  3 

to  lie  about  18  eV  above  the  ground  state,  Ar  (  P)  +  Ar,  at  infinite  separation. 

The  potential  energy  curve  for  the  state  is  essentially  parallel  to  that  of  the 

ground  state  and  it  crosses  potential  energy  curves  of  highly  excited  final 
+  +* 

states  of  Ar  +  Ar  such  as  shown.  Only  one  crossing  is  required  for  the  single 


electron  capture.  For  a  given  incident  state,  as  the  distance  of  closest  approach 
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Figure  8. 


2+  +  + 

Potential  energy  curves  for  selected  states  in  Ar  +  Ar  and  Ar  +  Ar 
These  simplified  potential  energy  curves  assume  only  a  long  range  ion- 
atom  interaction  and  a  Coulomb  repulsion  to  illustrate  a  model  of  the 
collision.  The  spacing  between  states  at  infinite  separation  is 
obtained  from  Ref.  15.  Ar2+(3P)  +  Ar*  corresponds  to  Ar*(4s).  The 

Ar+  +  Ar+(3s23p^nl)  is  plotted  for  the  lowest  level  which  lies  16.4  eV 
above  the  Ar+  +  Ar+  ground  state.  All  other  states  corresponding  to 

nl  configurations  lie  above  it.  Ar^+(^P)  +  Ar  -*•  Ar+  +  Ar+(3s^3p^nl) 
can  be  populated  at  small  angles  by  a  process  resulting  from  an  initial 
transition  to  Ar2+(3p)  +•  Ar*  near  r  =  3?(  followed  by  a  transition 
from  this  intermediate  state  to  Ar+  +  Ar+(nl)  near  r  =  4.5  X.  Since 
the  intermediate  state  crosses  a  large  number  of  Ar+  +  Ar+(nl)  curves 
the  direct  inelastic  scattering  is  weak.  Excitation  of  Ar+(3s3p^)  is 
weak  since  it  involves  a  two  electron  transition.  Exothermic  pro¬ 
cesses  are  due  to  Interactions  near  points  a,  b,  and  c. 
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in  the  collision  decreases,  the  scattering  angle  increases  and  the  crossings 

populate  lower  lying  final  states.  This  results  in  an  increase  in  Q  value  with 

increasing  scattering  angle  and  is  in  agreement  with  the  experimental  findings. 

2+  3 

The  single  crossing  between  the  incident  Ar  (  P)  +  Ar  curve  and  the  final  ground 
state  curve  results  in  (c) . 

The  suggested  collision  model  accounts  for  the  important  features  of  the 

single  electron  capture  collisions  and  serves  as  a  starting  point  in  a  rigorous 

theoretical  treatment  of  the  argon  and  similar  problems.  A  careful  analysis  of 

the  collision  problem  requires  a  detailed  knowledge  of  the  potential  energy 

curves  near  the  level  crossings  of  interest  and  of  the  strength  of  the  couplings 

20 

between  the  states.  Theoretical  work  is  underway  to  analyze  the  present 
results,  by  not  only  estimating  the  total  cross  section  but  also  calculating 
the  angular  distribution  of  the  final  products  involving  different  excited 
states.  It  should  provide  additional  tests  of  the  proposed  reaction  model. 


V 


Conclusions 


This  study  resolves  several  problems  previously  associated  with  single 

2+ 

electron  capture  in  low  keV  energy  Ar  +  Ar  collisions.  The  dominant  processes 

are  found  to  be  of  the  type  Ar^+(^P)  +  Ar  -*■  Ar+(^P)  +  Ar+(3s^3p^nl) .  Detailed 

measurements  show  nl  to  be  3d  and  4p  at  E  ■  2.4  keV.  The  present  results  are 

interpreted  using  the  Wigner  spin  rule  and  the  single  electron  capture  involves 

2+ 

a  one  electron  process  where  the  incident  Ar  provides  the  core  structure  for 
the  outgoing  Ar+  ion.  The  differential  cross  sections  obtained  suggest  that 
single  electron  capture  at  small  angles  involves  a  strongly  attractive  inter¬ 
mediate  state  which  couples  the  incident  to  the  final  channels. 

Weak  exothermic  processes  are  found  and  in  the  present  study  are  attributed 

2+ 

primarily  to  highly  excited  and  long  lived  Ar  states.  Although  such  states 

2+ 

constitute  an  almost  negligible  fraction  of  the  Ar  they  can  have  very  large 

4-* 

cross  sections  for  electron  capture  and  result  in  final  Ar  states  lying  more 

than  20  eV  above  the  ground  state. 

2+ 

The  direct  scattering  in  Ar  +  Ar  occurs  with  no  Ar  target  excitation  in 
the  x  range  studied  (t  <  3.5  keV  deg).  The  cross  section  shows  structure 
primarily  due  to  double  electron  capture. 
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